The mass of massive black holes in quasar cores can be deduced by using the typical velocities of Hb-emitting clouds in the broad-line region and by the size of this region. However, this estimate depends on various assumptions and is susceptible to large systematic errors. The Hb-deduced black hole mass in a sample of 14 bright quasars is found here to correlate with the quasar host galaxy luminosity, as determined with the Hubble Space Telescope (HST). This correlation is similar to the black hole mass versus bulge luminosity correlation found by Magorrian et al. in a sample of 32 nearby normal galaxies. The similarity of the two correlations is remarkable since the two samples involve apparently different types of objects and since the black hole mass estimates in quasars and in nearby galaxies are based on very different methods. This similarity provides a "calibration" of the Hb-deduced black hole mass estimate, suggesting that it is accurate to ‫5.0ע‬ on a log scale. The similarity of the two correlations also suggests that quasars reside in otherwise normal galaxies and that the luminosity of quasar hosts can be estimated to ‫5.0ע‬ mag based on the quasar continuum luminosity and the Hb line width. Future imaging observations of additional broad-line active galaxies with the HST are required in order to explore the extent, slope, and scatter of the black hole mass versus host bulge luminosity correlation in active galaxies.
INTRODUCTION
Indirect evidence for the existence of massive black holes (MBHs) in active galactic nuclei (AGNs) has been growing over the years (see, e.g., Rees 1984) . However, the most conclusive evidence for the existence of MBHs has been recently obtained in the Milky Way (see, e.g., Genzel et al. 1997 ) and in NGC 4258 (Miyoshi et al. 1995) , a weakly active galaxy. This new evidence is based on high spatial resolution observations of stellar and gas kinematics. Similar estimates could not be employed in quasars and bright Seyfert galaxies since the stellar kinematics close to the black hole is hopelessly lost behind the glare of the active nucleus. A rough estimate of the black hole mass in AGNs can be obtained based on the size and the typical velocities in the broad-line region (BLR; see, e.g., Dibai 1981; Wandel & Yahil 1985; Joly et al. 1985; Padovani & Rafanelli 1988; Koratkar & Gaskell 1991) . However, this method is susceptible to various systematic errors, and there is currently no independent way to estimate its accuracy.
Compact massive dark objects, most likely MBHs, were inferred in the cores of many nearby normal galaxies based on stellar kinematics and the observed light distribution (see review by Kormendy & Richstone 1995) . In a recent comprehensive study of the stellar dynamics of a large sample of nearby galaxies, Magorrian et al. (1998) found that an MBH may exist in the cores of nearly all bulges. They also confirmed the strong correlation between the black hole mass and the bulge mass, which is consistent with . If qua-M ∼ 0.006M BH bulge sars reside in normal galaxies, then their black hole mass and bulge mass should also follow this correlation. It is not possible to explore this correlation directly in quasars since stellar velocity distributions in the host bulges have not been measured yet. However, since there is a strong correlation between and in galaxies (Faber et al. 1997) The black hole mass can be estimated by using the velocity dispersion of the Hb-emitting clouds in the BLR and by the size of this region, together with the assumption that the clouds' motion is virialized, i.e., Quasar hosts have been studied extensively from the ground (see, e.g., McLeod & Rieke 1994a , 1994b Dunlop et al. 1993 ). However, separating out the quasar host galaxy clearly requires a high angular resolution, and thus measurements with the HST can provide the most accurate determination of quasar host properties.
I use the sample of 20 luminous, low-redshift ( ) quaz ! 0.3 sars studied by Bahcall et al. with the HST Wide Field Planetary Camera 2. This sample is likely to represent the properties of nearby bright quasars. In addition, the large sample size, the uniform and detailed reduction, and the detection of all quasar hosts make this sample the best one available for exploring the versus relation in quasars.
M L BH host
Some of the host galaxies' morphologies were identified by Bahcall et al. as elliptical, and for these galaxies L { bulge (taken from the best-fit two-dimensional model in their L host Table 5 ). Other hosts were identified as spirals, or interacting, and the value of for these objects, required for a direct L bulge comparison with the Magorrian et al. results, is not available. An estimate of for the objects that are best fitted by an L bulge exponential disk is obtained by subtracting the 7.5 ≤ r ≤ 15 kpc annular magnitude (their Table 8 ) from the total magnitude (their Table 5 ), yielding (inner host). The mean M V (host Ϫ inner host) is 0.5 mag, which is smaller than DM V A (total Ϫ bulge)S ∼ 1-2 mag for early-type spiral galaxies DM B (Simien & de Vaucouleurs 1986) (3), and the host morphology from Bahcall et al. The Hb FWHM is obtained from Boroson & Green (1992) , who provide high-quality and uniformly reduced spectra of all 87 PG quasars (Schmidt & Green 1983) , z ≤ 0.5 of which 14 overlap with the Bahcall et al. sample. Continuum fluxes are available for all of these 14 PG quasars in Neugebauer et al. (1987) , who provide accurate and uniformly reduced continuum spectrophotometry for most PG quasars. The luminosity at 3000 Å is converted to using L L ϭ Bol Bol (3000 Å ) (see Fig. 7 in Laor & Draine). 8.3nL n There is no uniform data set with the continuum flux and Hb FWHM for five additional quasars from the Bahcall et al. sample. Different papers quote parameters that can differ by greater than 50% for a given object. Therefore, these objects were not included in the analysis since they may be subject to significant systematic deviations.
The top panel in Figure 1 shows (bulge/inner host) [here-
Only the 14 quasars marked with filled squares were used in the analysis. The Spearman rank order correlation coefficient is Ϫ0.70, which has a probability of 0.005 to occur for unrelated parameters. A simple least-squares fit to the data gives
Three quasars that are best fitted by an exponential disk, PKS 1302Ϫ102, PG 1307ϩ085, and PG 1444ϩ407 (Bahcall et al., Table 5 ), may have elliptical morphologies (Table 1) . A leastsquares fit for the 14 quasars, using the three quasars' de Vaucouleurs fit , yields the coefficients Ϫ M (bulge) 21.85 ‫ע‬ 0.28 V and Ϫ . 1.18 ‫ע‬ 0.44 The middle panel in Figure 1 shows the versus M (bulge) V relation for nearby normal galaxies from Magorrian et al. M BH (1998) . The dashed line represents the relation (7) bulge , relations found by Magorrian et al., and the standard relation .
The quasar correlation is flatter than the Magorrian et al. correlation (Ϫ1.41 vs. Ϫ2.21). This may be partly due to the this Letter. This overlap is remarkable since bright quasars and nearby galaxies are apparently different types of objects, and since the estimates in quasars and in nearby galaxies are M BH based on very different methods (the BLR vs. stellar dynamics). The overlap is also surprising given the crudeness of the estimates for both populations. As stressed by Magorrian M BH et al., their data are fitted with a simplified, axisymmetric, stellar dynamics model, and a more general model may yield , M BH which could be off by an order of magnitude, or may even not require a "massive dark object" at all. The estimate M (Hb) BH is even cruder. Large systematic errors could be induced if the BLR velocity field or the optical-UV continuum is anisotropic, if the scaling of with L does not hold in bright quasars, R (Hb) BLR or if the Hb dynamics is affected by nongravitational forces (e.g., radiation pressure, magnetic fields).
The overlap suggests a number of interesting implications. First, concerning the BLR, (1) the Hb dynamics is most likely dominated by gravity; (2) the Hb velocity field and the observed optical-UV emission are not likely to be strongly anisotropic; and (3) the versus L relation most likely R (Hb) BLR holds in quasars. Second, concerning the estimate, M (Hb)
